The role of various MHC genes in determining the progression of multiple sclerosis (MS) remains controversial. The HLA-DR3 gene has been associated with benign relapsing MS in some genetic epidemiologic studies, but with disease progression in others. We induced demyelination in highly susceptible B10.M and B10.Q mice expressing the DR3 (HLA-DRB1*0301) transgene to determine directly the effects of a human transgene by infecting them with Theiler's murine encephalomyelitis virus (TMEV). DR3+ mice experienced a dramatic reduction in the extent and severity of demyelination compared with DR3-littermate controls, whereas anti-TMEV antibody titers, delayed-type hypersensitivity responses, and levels of infectious virus, virus antigen, and virus RNA were similar in both groups. To address a possible mechanism of how the human transgene is reducing virusinduced demyelination, we analyzed cytokine expression in the lesions and also determined whether B10.M mice can respond to peptides derived from the DR3 molecule. Intense staining for IFN-gamma and IL-4, T helper (TH) 1 and TH2 cytokines, respectively, was found in the lesions of TMEV-infected DR3-mice but not in the DR3+ transgenic mice at day 21 after infection. DR3 peptides elicited strong proliferative responses in B10.M mice but not in B10.M (DR3+) mice. These experiments are the first to demonstrate that a human class II DR gene can alter the severity of demyelination in an animal model […] 
Introduction
Both autoimmune (scleroderma [1] , rheumatoid arthritis [2] [3] [4] , insulin-dependent diabetes mellitus [5] , and Graves' disease [6] ) and infectious (hantavirus [7] , herpes simplex virus [8] , and coxsackievirus [9] ) diseases have been shown to be influenced by MHC alleles. In most cases, the MHC genes are not the sole determinant of disease, but these genes impact either the severity or incidence of disease.
Despite intensive study, the genetic factors influencing the severity of multiple sclerosis (MS), 1 the most common primary demyelinating disease of the central nervous system (CNS), are not fully understood. Although genes of the MHC were first implicated in MS in 1972 (10) , lack of complete penetrance of the MHC genes associated with susceptibility, combined with environmental factors, has led to controversy concerning the alleles critical for disease development, and in particular the genetic factors that distinguish between benign relapsing disease and chronic progressive disability. Several recent studies involving complete genome screens have been unable to reach a consensus as to the critical genes involved in the development of the disease (11) (12) (13) . Many of the associations made to date are not absolute and vary according to ethnic group. For example, among individuals of Northern European origin, strong associations have been identified between particular MHC class I (HLA A3 and B7) and class II (DR2 and DQW1) alleles and the development of MS (reviewed by Ebers and Sadovnick [14] ).
The DR3 gene has been associated with benign relapsing MS in some studies, whereas others have shown that DR3 is associated with a poor outcome. In a study by Duquette et al. (15) , patients were defined as having severe or benign MS based on their Kurtzke score over a period of 10 yr or more. Analysis of HLA antigen subtypes demonstrated an increased frequency of HLA-DR2 in both the benign and severe forms of the disease compared with control patients, but an association between DR3 and the absence of disease progression was found. Although the association between DR3 and benign MS has been observed in other populations (16) , some investigators (17, 18) have found no correlation, or the opposite association, i.e., progressive disease with DR3 (19).
Intracerebral injection of susceptible mice with Theiler's murine encephalomyelitis virus (TMEV) results in an immune-mediated demyelinating disease with pathology similar to MS (20) . Immunogenetic studies have demonstrated a role for both class I and class II MHC gene products as determi-nants of resistance or susceptibility to TMEV-induced demyelination (21) (22) (23) (24) (25) (26) . The class I MHC D region determines primarily whether or not virus will be cleared from the CNS, or whether virus will persist and demyelination will ensue (21) (22) (23) . However, several lines of evidence support an important role of class II genes in demyelination ( a ) alleles of the H2-A and H2-E loci do not influence the incidence of demyelinating disease, but affect the severity of demyelination (26) ; ( b ) mAb therapy directed against H2-A (27) or CD4 (28, 29) at the time of virus infection increases mortality, whereas treatment after demyelination is established (day 15 after infection) diminishes myelin injury (27) ; ( c ) class II knockout mice on a resistant H-2 b haplotype develop high virus titers, clinical deficits, and small foci of demyelination, further supporting the role of class II-restricted CD4 T cells in protection from TMEV infection (30); and ( d ) class II gene products are upregulated in CNS glial cells during persistent virus infection, which correlates with development of demyelination (31).
To address the controversy for the role of human HLA-DR3 gene in the progression of MS, we tested the role of a human gene in B10.M and B10.Q mice, which are extremely susceptible to TMEV-induced demyelination. The availability of a well-characterized murine model of virus-induced demyelination, coupled with the technology to create "humanized" mice with the DR3 transgene, provided us with the unique opportunity to examine the role of this particular HLA gene in disease progression. Mice expressing the human DR3 transgene had significantly decreased severity of demyelination compared with littermate controls, correlating with the human studies which found DR3 associated with benign relapsing MS (15) rather than progressive disability. The mechanism for the reduction in demyelination appears to be the result of altering the profile of cytokine expression early in the white matter lesion.
Methods
Virus. The Daniel's strain of TMEV was used in all experiments. The history of this virus has been described previously (20) .
DR3 (Drw17) transgenic mice. DR3 (Drw17) transgenic mice were generated by coinjection of the HLA-DRA genomic fragment and a DRB1*0301B gene fragment into embryos from (C57Bl/6 ϫ DBA/2)F1 donors, mated to C57Bl/10 males as described previously (32) . These mice were subsequently backcrossed to B10.M and B10.Q mice at the Mayo Clinic Immunogenetics Mouse Facility (Rochester, MN) for 10 generations, and were therefore considered congenic. Nontransgenic littermate B10.M and B10.Q controls were used for all comparisons. Mice were screened by flow cytometry to detect DR3 expression in blood lymphocytes as described previously (32) . Previously published studies have demonstrated that high levels of transgene RNA are expressed in the spleen and thymus, intermediate levels in the lung and kidney, and low or no expression in the liver, heart, and brain. The level of expression of the DR3 protein was similar to that of the endogenous mouse class II molecules (32) . All mice in these studies were treated in accordance with the National Institutes of Health Guidelines for the Care and Use of Animals in Research.
Infection, harvesting, and morphology of the CNS. At 4-6 wk of age, mice were infected intracerebrally with 2 ϫ 10 5 plaque-forming units (PFU) of TMEV in a total volume of 10 l. At day 45 after infection, mice were perfused with Trump's fixative by intracardiac puncture. Spinal cord blocks (1 mm) were embedded in glycol methacrylate and stained with a modified erichrome stain with cresyl violet counterstain (33) . Morphologic analysis was performed on 10-15 coronal spinal cord sections from each animal. A total of 1,490 spinal cord quadrants were studied. A pathologic score was determined for each animal based on meningeal inflammation, demyelination, and neuronal inflammation. Grading was performed on coded sections in a blinded manner without knowledge of genotype. Each quadrant from every third coronal section from each mouse was scored for the presence of pathological abnormalities. The score was expressed as a percent of the total number of quadrants examined per mouse. A maximum pathologic score of 100 indicated that there was disease in all quadrants of every spinal cord block from a particular mouse. In addition, some mice were killed by overdose of pentobarbital at 7, 21, 45, and 90 d after infection, and the tissues were frozen in OCT embedding compound (Miles, Inc., Elkhart, IN) for immunostaining and in situ hybridization. White matter and lesion area were measured using an interactive image analysis system attached to a photomicroscope (Carl Zeiss, Inc., Thornwood, NY).
Virus plaque assay. At days 7 and 45 after infection, the brains and spinal cords from transgenic and nontransgenic mice were removed after killing, and a 10% (wt/vol) homogenate was prepared in DME (GIBCO BRL, Gaithersburg, MD). The homogenate was clarified by centrifugation and stored at Ϫ 70 Њ C until the time of assay. The assay was performed on L2 cells as described previously (34) , in duplicate.
Immunoperoxidase staining. 10-m-thick sections were cut and fixed in chilled acetone. Sections were stained with mAbs to either CD4 ϩ or CD8 ϩ T cells (PharMingen, San Diego, CA), HLA-DR3 (PharMingen), IFN-␥ (PharMingen), TNF-␣ (PharMingen), IL-4 (PharMingen), or a polyclonal rabbit anti-TMEV sera, using the avidin-biotin immunoperoxidase technique (Vector Laboratories, Inc., Burlingame, CA) as described previously (35) . Slides were developed with Hanker Yates reagent (Polysciences Inc., Warrington, PA), using hydrogen peroxide as the substrate. Slides were lightly counterstained with Mayer's hematoxylin.
In situ hybridization. Nick translation was used to obtain a probe with a specific activity between 5 and 8 ϫ 10 7 cpm of [ ␣ -
35
S]dATP/ g of DNA. Frozen sections were hybridized with a 253-bp 35 S-labeled probe specific for the VP-1 region of TMEV and exposed for 48 h as described previously (36) . The CNS area was measured with an image analysis system (IBAS; Kontron Electronik, Eching, Germany) attached to an Axiophot microscope (Carl Zeiss, Inc.), to determine the number of virus RNA-positive cells per spinal cord area (mm 2 [36] ). Anti-TMEV IgG ELISA. Blood was obtained from mice at the time of killing and allowed to clot, and the sera were stored at Ϫ 80 Њ C until the time of assay. Polystyrene microtiter plates (Immunolon II; Dynatech Laboratories, Inc., Chantilly, VA) were coated with 0.5 g of purified TMEV in 0.1 M carbonate buffer (pH 9.5), then blocked with 1% BSA (Sigma Chemical Co., St. Louis, MO) in PBS. Sera from individual mice were diluted in 0.2% BSA and incubated at room temperature. Biotinylated goat anti-mouse IgG (Jackson ImmunoResearch Labs, West Grove, PA) was used as the secondary antibody. Detection was performed using alkaline phosphatase-labeled streptavidin (Jackson ImmunoResearch Labs), with para-nitrophenylphosphate used as the substrate. Absorbances were read at A 405 (30) .
Delayed-type hypersensitivity (DTH) responses to TMEV. TMEVspecific DTH responses were assessed as described previously (30) . Briefly, 2.5 g of ultraviolet-irradiated purified TMEV was injected intradermally in the ear, and ear swelling was measured at 24 and 48 h after injection with a dial gauge micrometer and compared with the preinjection measurement.
In vitro proliferation assay. The peptides tested in this experiment corresponded to the HV3 region of E d ␤ (65-79), DR2Dw21, and Dw3. All peptides were synthesized by previously described procedures (37). B10.M mice were injected with 200 g of peptides emulsified in CFA. In some experiments, B10.M (DR3 ϩ ) mice were injected with the same concentration of Dw3 peptide. 7 d later, draining lymph nodes were removed, and a single cell suspension was prepared. Lymph node cells (10 6 cells/well; 100 l vol) were cocultured with 100 l of peptide at a final concentration of 100 g/ml as described previously (3 
Results

HLA-DR3 reduces the extent of TMEV-induced demyelination in susceptible B10.M and B10.Q mice.
To test whether expression of the human DR3 transgene altered the susceptibility of mice to TMEV-induced demyelination, we compared the extent of gray matter inflammation, meningeal inflammation, and demyelination in transgenic mice and nontransgenic littermate controls at day 45 after infection. This particular time after infection was chosen because it has been used previously to determine whether mice are resistant or susceptible to demyelination (25), and to assess therapeutic efficacy of immunomodulatory agents (28) . Expression of HLA-DR3 reduced the severity of demyelination in the spinal cord in B10.M mice. There was an almost fourfold decrease in the demyelination scores of DR3 ϩ transgenic (4.1 Ϯ 1.3) versus DR3 Ϫ nontransgenic mice (15.5 Ϯ 3.3; P Ͻ 0.01; Table I ). The lesions in the DR3 ϩ mice were significantly smaller than those of the transgene-negative controls (0.07 Ϯ 0.02 vs. 0.57 Ϯ 0.12 mm 2 ; P ϭ 0.001). There was also a reduction in meningeal inflammation in the DR3 ϩ mice, but this was not statistically significant (Table I). While the extent of demyelination was reduced markedly in mice expressing the DR3 transgene, the incidence of demyelination was comparable between the transgenic mice and their littermate controls (72.7% [8 of 11 mice with disease] vs. 81.3% [13 of 16 mice with disease], respectively). The extent of demyelination as determined by the percentage of spinal cord quadrants with demyelination between the nontransgenic littermate controls and the parental B10.M mice was comparable (15.5 vs. 20.5%). The lesions observed in both the DR3 transgenic and nontransgenic mice were localized almost exclusively to the white matter, with areas containing multiple demyelinated axons (Fig. 1, A and B ) .
To address whether the protective effect of DR3 was generalized to other susceptible mouse H-2 haplotypes, we generated DR3 human transgenics on susceptible B10.Q (H-2 q ) haplotypes. Similar reductions in demyelination were observed in B10.Q DR3 ϩ mice compared with transgene-negative littermate controls (Table I ; P ϭ 0.02). This provided support for the conclusion that the mechanism by which DR3 reduces the severity of demyelination is independent of mouse H-2 haplotype.
HLA-DR3 transgene expression does not effect virus levels in the CNS. To test whether the mechanism of reduced demyelination in the DR3 transgenic mice is related to a decrease in virus burden, virus plaque assays were performed at days 7 and 45 after infection and compared with results obtained with tissues from infected littermate nontransgenic mice. As previous studies from our laboratory have determined that day 7 is when peak virus titers are detected (35), day 7 was one time point chosen for study. Virus titers at day 7 after infection were similar in transgenic and nontransgenic mice such that 4-5 log 10 PFU/g of CNS tissue were detected (Table II) . Likewise, at day 45 after infection, a time point considered to be the chronic phase of infection, infectious titers were equivalent, such that 2-3 log 10 of infectious virus were detected. This indicated that the mechanism by which the DR3 transgene ameliorates demyelination is not by preventing virus persistence. This result was of particular importance because previous data in the model have indicated a close correlation between virus persistence and demyelination (30) .
To address whether the DR3 transgene may have had a local effect of decreasing virus antigen or RNA expression in the lesion, we performed immunostaining with a polyclonal antibody to TMEV and in situ hybridization with a VP-1-specific probe on the spinal cords of transgenic and nontransgenic mice. Similar numbers of cells positive for virus RNA per square millimeter of spinal cord were detected by in situ hybridization in both the transgenic and nontransgenic mice at days 7, 21, 45, and 90 after infection (Table III) . Immunostaining of spinal cord sections with an antibody to TMEV demonstrated that virus antigen levels were similar between the two groups ( Fig. 1, E and F) . At day 45 after infection, 0.52Ϯ0.18 virus antigen-positive cells/mm 2 examined were detected in the spinal cords of DR3Ϫ mice (n ϭ 13), whereas in DR3ϩ mice (n ϭ 11), 0.23Ϯ0.08 virus antigen-positive cells/mm 2 were detected. Therefore, the mechanism by which DR3 was decreasing demyelination did not involve limiting local virus replication.
Expression of HLA-DR3 transgene does not alter the proportion of CD4ϩ versus CD8ϩ T cells in the demyelinating lesion. Previous work in the TMEV model has shown that by depleting either the CD4ϩ or CD8ϩ T cells from the lesion, it is possible to ameliorate virus-induced demyelination (27, 28) . Therefore, it was important to test whether the mechanism of decreasing demyelination by the DR3 transgene was by altering the phenotype of T cells in the lesions. Previous work from our laboratory demonstrated that early in TMEV infection (7 d after infection), CD4ϩ T cells are the predominant T cell type in the CNS of susceptible mice (37). In the current study, no differences were found in the mean numbers of CD4ϩ or CD8ϩ T cells at any time point studied (days 7, 21, or 45 after 
HLA-DR3 transgenic mice develop normal humoral immune responses and DTH responses to TMEV.
Studies from our laboratory have demonstrated that immunoglobulins influence the level of demyelination resulting from TMEV infection in susceptible mouse strains (39) . To determine the effect of HLA-DR3 on antibody production, TMEV-specific IgG was measured by ELISA to purified virus antigen at day 45 after infection. Both transgenic and nontransgenic mice developed similar antibody titers to TMEV (Fig. 2) compared with serum from uninfected mice.
Previous studies have shown that DTH responses to TMEV antigens correlate with demyelination (22) . To determine if this relationship held true in this system, we measured the DTH response to purified TMEV antigens 3 mo after infection. At 24 and 48 h after intradermal injection, similar responses were obtained for both the transgenic mice and nontransgenic controls (Table IV) . The antibody and DTH responses argue that the mechanism for decreasing demyelination by the DR3 transgene is not by interfering with T celldependent class II-mediated responses to viral antigens or peptides.
B10.M mice have DR3-responsive T cells.
A potential mechanism of altering disease in DR3 transgenic mice involves the deletion of T cells involved in demyelination. To test if susceptible B10.M mice respond to peptides derived from the DR3 molecule, B10.M mice were immunized with DR3-derived peptides. The Dw2 peptide (derived from the DR2 molecule) was used as a negative control. A peptide derived from the endogenous mouse class II E ␤ gene was used as a positive control. In vitro proliferative responses were assessed using (Table V) , whereas mice immunized with the Dw2 peptide had minimal responses. The minimal response to the Dw2 peptide suggests that B10.M mice are tolerized to this peptide. A strong proliferative response was observed with the E ␤ peptide in B6 mice. This provided a potential mechanism by which recognition of DR3 as self may have resulted in deletion of T cells involved in pathogenesis. DTH responses were assayed on mice at day 90 after infection with TMEV. Purified TMEV antigens were injected intradermally into the ear, and swelling was assessed against preinjection measurements. Differences in mean ear swelling between the two groups at 24-and 48-h time points were not found to be statistically significant by the Student's t test.
B10.M (DR3ϩ) mice do not have T cells that respond to the
nonspecific proliferative response to Con A, the B10.M (DR3ϩ) mice failed to mount an in vitro proliferative response to the DR3 peptide (Table V) . This result demonstrates that despite a genetic predisposition of B10.M mice to mount a Dw3-specific response, the presence of the HLA-DR3 transgene abrogates this response.
Cytokine profiles in lesions of HLA-DR3 transgenic versus nontransgenic mice differ. An attractive mechanism by which the HLA-DR3 transgene reduces white matter pathology is that the transgene alters the expression of pathogenic cytokines early in the evolution of the demyelinating plaques. To determine whether the HLA-DR3 transgene effected the pattern of cytokines localized in the TMEV-induced lesions, immunostaining was performed using antibodies specific to murine TNF-␣, IFN-␥, and IL-4. These cytokines were studied because they are critical in the evaluation of T helper (TH) 1 (IFN-␥, TNF-␣) versus TH2 (IL-4) immune responses. Three animals were examined at each time point. At day 7 after infection, minimal staining for both IFN-␥ and IL-4 was apparent in transgene-positive and -negative mice. By day 21 after infection, a time point when the demyelinating lesions are emerging, unique patterns of IFN-␥ and IL-4 staining were observed between the DR3ϩ mice and their littermate controls. Intense staining for both IFN-␥ and IL-4 was seen in the littermate controls (Fig. 3, A and C) but not the transgene-positive mice (Fig. 3, B and D) . By day 45 after infection, IFN-␥ and IL-4 were observed in the lesions of both groups of mice (data not shown). Positive staining for TNF-␣ was obtained in both transgene-positive and -negative mice at all time points studied (days 7, 21, 45, and 90 after infection; Fig. 3, E and F) . No immunoreactivity for IFN-␥, IL-4, or TNF-␣ was observed in the CNS of uninfected transgene-positive or -negative mice (data not shown). These results demonstrate that the mechanism by which HLA-DR3 alters demyelination may involve the modulation of soluble mediator expression in the lesion early in the development of demyelinating disease. This change in cytokine expression may be directly related to the decreased numbers of inflammatory cells in the lesions of mice expressing HLA-DR3.
HLA-DR3 protein is expressed by CNS resident and nonresident cells in infected transgenic mice.
Under normal conditions, mice do not express class II in the CNS. Previous work from our laboratory has demonstrated that after infection with TMEV, class II expression is induced on CNS resident cell types. We tested whether the effect of DR3 on white matter pathology is based on the expression of the gene on T cells or resident CNS cells. Immunostaining with an antibody specific for human MHC class II protein revealed that the lymphocytes infiltrating the lesions of the transgenic mice expressed high levels of DR3 (Fig. 4 A) . As expected, no positive staining for the transgene was detected in infected nontransgenic littermate controls (Fig. 4 B) , demonstrating that this antibody does not cross-react with any endogenous proteins of the mouse. Of particular interest, positive-staining cells with morphology reflective of neurons and astrocytes demonstrate that CNS resident cells are also induced to express human class II proteins after TMEV infection (Fig. 4 C) . No positive staining was observed in uninfected transgene-positive mice (Fig. 4 D) . These results suggest that the DR3 transgene could function by acting as an antigen-presenting molecule after the immune response to TMEV has been initiated, indicating that the transgene could directly modulate CNS pathology.
Discussion
Most of the focus in the study of the relationship between MS and MHC has been to determine the association of specific alleles with the frequency of disease at the population level. An association with the development of MS is apparent with both class I (A3 and B7) and class II (DR2 and DQW1) genes depending on the ethnicity of the groups studied (reviewed by Ebers and Sadovnick [14] ). The role of various class I or class II genes in the progression of MS has been studied, but no consensus has been reached as to whether particular alleles are correlated with long-term disability. Because there has been controversy regarding the relationship between DR3 and benign relapsing MS, we used a well-characterized model of virus-induced demyelination to study the effects of the human DR3 gene in mice highly susceptible to TMEV infection. The severity but not the incidence of demyelination was reduced in B10.M and B10.Q mice expressing the human transgene compared with nontransgenic controls. Reduction of demyelination occurred without a corresponding decrease in viral replication or viral antigen expression. These results are the first to directly support human epidemiological studies that have associated the DR3 gene with benign relapsing MS.
The most obvious mechanism of reduced demyelination in the transgene-positive mice involves the DR3 molecule decreasing TMEV levels either directly or indirectly in the CNS. This mechanism was tested using three different measuresinfectious virus, TMEV RNA, and TMEV antigen. Using these three methods, no evidence of decreased viral burden was found, leading to the conclusion that the DR3 transgene reduces demyelination via a mechanism unrelated to viral persistence. Three distinct observations were made between the DR3ϩ transgenic mice and their littermate controls which may account for the differences observed in the extent of pathology between the groups: (a) DR3ϩ transgenic mice expressed the transgene on both infiltrating cells and CNS resident cells; (b) at day 21 after infection, large amounts of IL-4 and IFN-␥ were observed in the lesions of nontransgenic but not in DR3ϩ transgenic mice; and (c) peptides derived from the DR3 gene are recognized as immunogenic in B10.M but not B10.M (DR3ϩ) mice. We have considered three possible mechanisms by which the severity of any immune-mediated disease can be modulated via a particular MHC class II gene. Expression of a specific class II allele may (a) result in the presentation of a peptide which could either be pathogenic or protective to the host; (b) alter the cytokine response so that there is a change in the type or amount of a mediator(s) involved in either increasing or decreasing disease severity; or (c) result in the deletion of a particular subset of T cells during thymic development. These proposed mechanisms are not mutually exclusive, and in this study may function together to reduce disease severity in the DR3ϩ mice.
In this model of TMEV-induced demyelination, the expression of the human DR3 transgene during development could have had profound effects on the T cell repertoire. Previous studies of B10.Q mice expressing this particular DR3 transgene demonstrated that some subsets of CD4ϩ T cells underwent positive selection (i.e., V␤6 and V␤8.1/8.2), and others underwent negative selection (V␤5.1/5.2 and V␤11) in the presence of the transgene. Likewise, in the CD8ϩ T cell population, the V␤5.1/5.2ϩ, V␤8.1/8.2ϩ, and V␤11 subpopulations were similarly skewed compared with nontransgenic littermate controls (32) . The recognition of DR3 as self as well as the peptides derived from the DR3 molecule may have resulted in the deletion of T cells involved in some aspect of vi- rus-induced pathology. This possibility is supported by the demonstration that deletion of V␤ families influences the extent of demyelination after TMEV infection (40, 41) . The results of the T cell proliferative assay (Table V) demonstrate that mice on a B10.M background (susceptible to TMEVinduced demyelination) present and recognize peptide derived from the DR3 molecule. Furthermore, the B10.M (DR3ϩ) mice do not mount a proliferative response to a DR3-derived peptide, demonstrating that a T cell population with the particular reactivity is deleted in these mice. Based on these in vitro responses, it is reasonable to conclude that the expression of DR3 in the transgenic mice would negatively select an autoreactive T cell population in the HLA-DR3ϩ mice.
Alternatively, during the course of infection, epitopes may be generated that interact with DR3 to activate a subset of T cells not normally responding during TMEV infection. Studies of autoimmune thyroiditis have demonstrated that the HLA-DR3 molecule in these mice is capable of presenting peptide antigen (42) . During TMEV infection, the peptides involved in this response may be derived from either virus or self. Activation of these peptide-specific T cells could potentially alter the balance of cytokines produced in the lesion, which may influence disease severity. As DR3ϩ and DR3Ϫ mice have an equal incidence of demyelinating disease after virus infection, we assume that those peptides critical for reducing disease severity are not involved in the onset of disease. The data demonstrating the delayed expression of IL-4 and IFN-␥ in the lesions of DR3ϩ mice indicate that the critical events for determining the differences in extent of demyelination occur between days 7 and 21 after TMEV infection. The extensive staining for IL-4 and IFN-␥ observed in the lesions of DR3Ϫ but not DR3ϩ mice supports a mechanism for the role of these cytokines in the pathology observed after TMEV infection. The presence of both TH1 and TH2 mediators in the lesions of DR3Ϫ mice suggests that the immunopathological mechanisms in this disease are the result of complex interactions between both TH1 and TH2 responses, as opposed to the absolute responses observed in some parasite or bacterial infections (43) (44) (45) . These results may also explain, in part, previous observations which showed that the administration of exogenous cytokines which enhance either cellular or antibody responses (TNF-␣ [46] and IL-6 [47] , respectively) ameliorates the extent of disease. In addition, treatment with anti-IFN-␥ has been shown to result in more severe disease in susceptible mice (48) . Because there was no difference in the infectious virus titers, virus antigen expression, or virus RNA levels between the DR3ϩ and DR3Ϫ mice, this indicates that the mechanism for the reduction of demyelination was not the result of presentation by DR3 of TMEV-specific peptides important for clearing infection. A more likely hypothesis is that the immune response to the peptides (viral or host-derived) mediating immunopathology was suppressed. Because the "pathogenic epitopes" in this disease or the proteins from which they are derived are unknown, a direct test of this mechanism is not possible. Studies from another laboratory have identified virus-derived T cell epitopes in mice susceptible to TMEV (49, 50) , but it is not known whether these epitopes are important in the strain of virus used in the experiments reported here, or whether they are critical for myelin destruction.
The observation that the DR3 transgene is expressed at high levels in resident CNS cells and in cells infiltrating the lesions supports a mechanism that includes direct involvement of the DR3 molecule in modulating pathology in the CNS. We propose that the mechanism involves altering the phenotype of the cells infiltrating the lesions, which results in the timing of when particular cytokines are localized to the lesions.
These data are the first to demonstrate that a human class II transgene decreases the pathology in a murine model of MS. By further examining the mechanism that results in reduced demyelination, it may be possible to gain insights into ways to prevent the progression of human MS.
